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memory during the examination.

Ensure you give full reasons for all calculations and decisions in all questions.
Show all working in calculations and derivations.

Fully label all diagrams and graphs.




UNIVERSITY OF KWAZULU-NATAL MAIN EXAMINATIONS: November 2016
Subject, Course and Code: Analogue Electronics 2: ENEL3AE H2 Page 2 of 5

Question 1 [10 marks]

1.1

1.2

The complementary BJT follower shown in Fig. 1.1(a) has the approximate transfer
characteristic shown in Fig. 1.1(b). Observe that for —0.7 V < ; < +0.7 V, the output is zero.
This “dead band” leads to crossover distortion. Consider this follower to be driven by the
output of a differential amplifier of gain /00 whose positive-input terminal is connected to the
input signal source Vs and whose negative-input terminal is connected to the emitters of the
follower.

Sketch the transfer characteristic V, versus Vs of the resulting feedback amplifier. 2)

What are the limits of the dead band, and what are the gains outside the dead band? (3+2)
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Figure 1.1

Briefly explain the need for non-linear amplitude control in most RC oscillator circuits. 3)

Question 2 [20 marks]

2.1

Consider the common-emitter amplifier of Fig. 2.1, under the following condition: Rsig = 5 k
QR =33kQ R=22kQ,Re=39k Q. Rc=47K Q,RL=5.6 kQ, Voc =5 V. The DC
emitter current can be shown to be Ig = 0.3 mA, at which = 120, r, = 300 kQ and rs = 50 Q.
If the transistor is specified to have fr = 700 MHz and C, = 1 pF, find the upper 3-dB
frequency fh. (10)

Figure 2.1
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2.2 A design is required for a CS amplifier for which MOSFET is operated at gm = 5 mA/V and

has Cgs = 5 pF and Cgq = 1 pF. The amplifier is fed with a signal source having Rsig = 1 k€2,
and Rg is very large.

(i) What is the largest value of R’. for which the upper 3-dB frequency is at least 10 MHz? (4)
(ii) What is the corresponding value of midband gain and gain-bandwidth product? (2+2)

(iii) If the specification on the upper 3-dB frequency can be relaxed by a factor of 3, that is, to
(10/3) MHz, what can Ay and GB become? (1+1)

Question 3 [20 marks]

The circuit of a two-stage BJT amplifier with signal negative feedback via resistors R; and Ry is
shown in Fig. 3. The differential input stage (Qi, Q:) and the output stage (Q3) are dc biased by the
current-steering circuit of Qa, Qs & Qe.
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Figure 3

Assuming Vge = 0.7 V and neglecting base currents, design values for Rger and Rea so that
Iger =2mA and V, =0V dc. Assume signal source V; has zero dc component and note the area of

BIT Qs is 2.5 times the area of the other BJTs. Hence determine the dc bias conditions in the circuit.(4)

Identify the feedback topology of this amplifier clearly explaining how you made this identification,
and state which transfer gain (“As”) is stabilized by this feedback circuit. 3)

Draw a small-signal equivalent circuit of the “A” network without feedback but including the loading
effects of the feedback network. Clearly explain how you determined the relevant loading eftects.
The design objective is to obtain a closed-loop voltage gain with feedback A ;=v, /v, =16.

Determine the value of Ry to meet this (ideally) assuming the open-loop gain is very large. 3)

Determine suitable small-signal models for the BJTs assuming hg, =100 and neglecting the Early
effect. For this amplifier with negative feedback, determine the actual voltage gain A ; =v_ /v, and

the input resistance Ri, as shown in Fig. 3. (10)




UNIVERSITY OF KWAZULU-NATAL MAIN EXAMINATIONS: November 2016
Subject, Course and Code: Analogue Electronics 2: ENEL3AE H2 Page 4 of 5

Question 4 [20 marks]

A feedback amplifier using an op-amp is shown R R
in Fig. 4.

The following op-amp data is known:

Open-loop voltage gain: Agr=2.10%;
Differential input resistance: Ria=30kQ;
Output resistance: I,=150Q

Figure 4

Identify the feedback topology of this amplifier, briefly explaining how you made this
identification, and hence state which transfer gain ("A¢") is stabilized by this feedback. 4)

Draw an ac equivalent circuit of the "A" network without feedback but including the loading
effects of the feedback network, clearly explaining how you determined the relevant loading
effects. 4)

For this amplifier with negative feedback, determine each of the following:

i.  The current gain A1 =1,/ Is; (8)
ii. The input resistance Rin as seen at the input to the op-amp (as shown). ?2)
iii. The output resistance Rou as seen by the load resistance Ry (as shown). (2)

Question 5 [20 marks]

5.1

For the circuit in Fig. 5.1, find the loop gain in s-domain and jo-domain and R>/ R; for the

oscillation. (10)
R, R,
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Figure 5.1
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3.2

The BITs in the Darlington follower of Fig. 5.2 have = 100. If the follower is fed with a

source having a 100 kQ resistance and is loaded with 1 k€, find the input resistance and the
output resistance (excluding the load). (2+3)

Also find the overall voltage gain, both open-circuited and with load. (2+3)

Vee

Figure 5.2

END OF QUESTIONS




